Objective To establish the long term cumulative prevalence of asthma in children admitted to hospital with pneumonia and to examine the hypothesis that some children admitted to hospital with pneumonia may be presenting with undiagnosed asthma. Design Prospective study of a cohort of children previously admitted to hospital with pneumonia, followed up by postal questionnaires to their general practitioners and the children or their parents. Setting General practices in southwest England. Participants 78 children admitted to the Royal Devon and Exeter Hospital between 1989 and 1991 with a diagnosis of pneumonia confirmed on independent review of x ray films. Main outcome measures Any diagnosis of asthma, use of any treatment for asthma, and asthma symptom scores. Results On the basis of a 100% response rate from general practitioners and 86% from patients or parents, the cumulative prevalence of asthma was 45%. A diagnosis of asthma was associated with a family history of asthma (odds ratio 11.23; 95% confidence interval 2.57 to 56.36; P = 0.0002). Mean symptom scores were higher for all children with asthma (mean score 2.4; 2 = 14.88; P = 0.0001) and for children with asthma not being treated (mean 1.4; 2 = 6.2; P = 0.01) than for those without asthma (mean 0.2) . Conclusions A considerable proportion of children presenting to a district general hospital with pneumonia either already have unrecognised asthma or subsequently develop asthma. The high cumulative prevalence of asthma suggests that careful follow up of such children is worth while. Asthma is undertreated in these children; a structured symptom questionnaire may help to identify and reduce morbidity due to undertreatment.
Introduction
Current guidelines on asthma management in children emphasise the importance of early diagnosis and treatment. 1 We have reported that 28% of children presenting to hospital with pneumonia were asthmatic, and that a third of these were newly diagnosed at six weeks' follow up after discharge. 2 That study was limited by its inability to distinguish between true cases of asthma and postinfective bronchial hyperreactivity, which is much more common and declines with time. 3 In addition, for ethical reasons, results were obtained only for those children followed up in hospital, who represented about 75% of the cohort admitted. The present study was designed to determine how many in the entire cohort developed asthma during prolonged follow up and how many were receiving appropriate treatment.
Methods
In the original study all children aged 16 and under admitted to the Royal Devon and Exeter Hospital (Wonford) between January 1989 and July 1991 and discharged with a diagnosis of pneumonia were identified from the hospital discharge records. These children's notes were then examined for age; sex; personal and family respiratory history; atopy; dates and duration of admission, discharge, and follow up; and details of the diagnosis and subsequent follow up, including spirometry and use of any inhaled or oral treatment for asthma. Asthma was defined as a history of asthma recorded in the admission notes or a doctor's written diagnosis of asthma in the follow up notes. Pneumonia was a clinical diagnosis confirmed in all cases by chest radiography. The data were stored and analysed with Epi-Info version 5.0. 4 For the present study efforts were made to follow up all of the 131 children who were admitted with a diagnosis of community acquired pneumonia during the original study period. The chest radiographs relating to the original admission were traced and reviewed independently by two radiologists (DATS and JMC) who had not previously reported on any of the films. To reduce reporting bias they were also asked to report on the chest radiographs of 50 children without a primary diagnosis of pneumonia taken during the same period as the original cohort. Each radiologist was asked to report the presence or absence of objective features of pneumonia. 5 The addresses of the children's current general practitioners were obtained from the hospital records. The general practitioners were sent a short questionnaire requesting confirmation of the child's address and information on any diagnosis or treatment of asthma and of further episodes of pneumonia. Non-responders were followed up once by telephone and once more by letter. In the case of a final failure to respond, or where a reply reported that the patient had moved, the Devon Patient and Practitioners Service Agency was contacted for the name of the current general practitioner, and the above procedure was repeated. Children who had moved from Devon without a forwarding address were considered lost to follow up.
The children who had been traced through the general practitioners' questionnaire (or their parents if they were still under 16 years of age) were sent a further questionnaire to identify further cases of asthma and assess the current level of symptom control. This questionnaire (box) used nine standard questions previously validated against symptoms of bronchial reactivity and asthma, which had been shown to have a high sensitivity and specificity for a diagnosis of asthma where three or more symptoms were present (symptom score >3).
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Results
The chest radiographs were traced and reviewed in 93 (76%) of the original 131 children. The 78 (84%) children whose radiographs were agreed by both radiologists to show signs of pneumonia ( = 0.865, P < 0.001) formed the group studied. The general practitioners of 70 of these were identified, and they all replied to our questionnaire. On combining their reports with data from the first study, 2 we had cummulative follow up information for all 78 children.
The median interval from admission to this follow up was 68 months (range 61 to 91 months). The children's median age at admission was 4 years (range < 1 to 16 years) and at second follow up was 9 years (range 5 to 22 years); 44 (57%) were male. At this follow up, 35 children (45%) had asthma. There was a declining temporal relation between diagnosis of asthma and time of admission to hospital with pneumonia: 8 cases were diagnosed in the first year after admission, 3 in the second year, 2 in the third year, 3 in the fifth year, and 2 in the sixth year.
Children diagnosed as asthmatic were significantly more likely than non-asthmatic children to have a family history of asthma (odds ratio 11.23; 95% confidence interval 2.57 to 56.36; P = 0.0002). Asthmatic and nonasthmatic children did not differ in age at admission, sex, duration of admission, or number of times they had previously had pneumonia.
The rising cumulative prevalence of asthma throughout the study ( 2 for trend = 11.8; P = 0.0006) was not matched by a rise in the numbers receiving treatment for it (figure ).
All 70 patients whose general practitioners replied were sent the symptom questionnaire, and 60 returned completed forms (86% response rate). The mean symptom scores were 3.0 for all 28 children with asthma, 2.8 for the 19 asthmatic children receiving treatment, 1.6 for the 9 asthmatic children not receiving treatment, and 0.3 for the 32 children without asthma (P < 0.0001 for asthma v no asthma; P < 0.05 for treatment v no treatment; P = 0.02 for no treatment v no asthma).
Discussion
The cumulative retrospective incidence of asthma 68 months after admission with pneumonia was 45%, which is much higher than expected in the general population. Children diagnosed as asthmatic were more likely to have a family history of asthma. The symptom scores of asthmatic children receiving treatment and those who were not were both significantly higher than those of non-asthmatic children.
This study achieved a high follow up rate due to the stability of the population studied: the current general practitioners of 90% of the children were traced, all of whom responded, and 86% of patients or their parents responded. The radiological review showed close agreement with the original diagnosis of pneumonia at admission and ensured the validity of the diagnosis in the cohort studied. The retrospective method of review, and the absence of a control group of children without a history of pneumonia, signal caution in interpreting the results; nevertheless we regard the method as a valid approach to establishing the cumulative prevalence of asthma in children with a history of pneumonia.
Incidence of asthma
Previous smaller controlled studies have shown a nonsignificant excess of asthma (7.8%) in children seven years 7 and one year (6%) 8 after infantile pneumonia,
Standardised asthma symptom questionnaire
Questions apply to the previous four weeks; each "yes" is scored 1 point Prevalence of asthma and treatment for asthma in 78 children admitted to hospital for pneumonia rising to 7% at eight year follow up of children under 2 admitted with pneumonia. 9 In the current study the median age of children at admission was 4 years, and only 35% were aged 2 years or younger. Martinez has shown that over half of the children who wheeze at age 6 years had not done so before the age of 3 10 ; thus the older age of the children in this study may account for the higher incidence of asthma than in previous studies. This is supported by the large prospective study of Strachan et al, which showed a cumulative (prospective) incidence of wheezing illness of 18% by age 7, 24% by age 16, and 43% by age 33. 11 The cumulative retrospective incidence of asthma by age 33 was 29%. The strongest associations of pneumonia with asthma in that study were in children aged over 2 years.
We believe that the high proportion of children with asthma identified in this study confirms our original conclusion that these children are worthy of careful follow up as a group at increased risk of developing asthma. It is to be expected that the prevalence of asthma will rise over time in any cohort, and adult onset wheeze is common and often missed. 12 The declining temporal relation, however, supports our hypothesis that children with undiagnosed or "latent" asthma may first present with pneumonia.
Although we have shown a clear association of asthma with a history of pneumonia, this study has not considered whether the pneumonia is a predisposing factor for asthma or whether it occurs as a result of undiagnosed and untreated asthma. This research needs to be extended into primary care, where many more children with less severe respiratory infections are managed without referral to hospital
Treatment of asthma
The patient symptom questionnaire showed significantly higher symptom scores in both treated and untreated children with asthma than in those without asthma. The higher scores in children with asthma not receiving treatment suggest either a degree of undertreatment of known asthma, which has been identified as a problem for children with asthma in general, 13 or that these reported symptoms reflect the level of disability which these children with asthma tolerate without seeking treatment.
Conclusions
This study shows that an appreciable proportion of children presenting to a district general hospital with a clinical and radiological diagnosis of pneumonia either already have unrecognised asthma or subsequently develop asthma. Careful follow up of such children is necessary to detect new cases of asthma and to facilitate their early treatment.
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What is already known on this topic
Children admitted to hospital with pneumonia are sometimes subsequently found to be asthmatic, but no clear association has been shown
What this study adds
The cumulative prevalence of asthma after childhood pneumonia is high; therefore careful follow up is recommended to detect new cases Childhood pneumonia may be an underrecognised presentation of asthma A structured symptom questionnaire can facilitate recognition of symptoms
Endpiece
We are interdependent
As long as there is poverty in the world I can never be rich, even if I have a billion dollars. As long as diseases are rampant and millions of people in this world cannot expect to live more than 28 or 30 years, I can never be totally healthy even if I just got a good checkup at the Mayo Clinic. I can never be what I ought to be until you are what you ought to be. This is the way our world is made. No individual or nation can stand out boasting of being independent. We are interdependent.
Martin Luther King
